ABSTRACT
INTRODUCTION
Raga is said to be the soul of Indian music. Hindi film music, which is commonly referred to as "Bollywood" music, is one of the most popular forms of music in the world today. Almost all Bollywood movies feature several songs that are very popular in India, and quite a large section of these songs are based on certain raga [1] . The classical music system of Indian sub-continent is based on two major concepts -raga and tala. Raga describes the melodic or modal aspect of music and tala describes the rhythmic aspect. The rhythmic pattern of any composition in Indian music is described by the term tala, which is composed of cycles of matra's. As the major form of mass entertainment available on a national scale, Hindi cinema plays a prominent and influential role in Indian society. Yet its songs, which represent India's most popular music in the twentieth century, have not been subject to any scientific study. Musicians extensively composed a popular song on the basis of a particular Hindustani raga, the elements of the raga used to be predominant in that song which could be identified by professionals. This paper tries to explore a methodology by which one can understand about the essence of a particular raga applied to the popular Bollywood song. Thus it will be possible also for a novice in raga music, to get a flavor of that raga just by hearing the popular song. This can work as a process of popularization of raga music. For the study, we chose two common ragas namely "Bhairav" and "Mian ki Malhar" of which one is a time based raga conventionally sung in dawn and the other is a seasonal raga depicting monsoon. We have taken 3 minute clips from the 'alaap' portion of vocal renderings of these two ragas sung by two eminent maestros of Hindustani music. The 'alaap' portion of the raga rendition is chosen so as to keep the signal free from tempo variation and also normal accompaniment. Moreover, we get the complete raga structure in the 'alaap' portion. Ten (10) widely popular songs from Bollywood Films are also taken in 3 minute clips [2] . All the music signals were divided into six equal segments of 30 seconds each cut in zero crossing. It is well established that musical signals are generally self-similar. With the possible exception of a few avant-garde compositions, structure and repetition is a general feature of nearly all music [3] . In this context fractal analysis of the signal which reveals the geometry embedded in signal assumes significance. It is also known that naturally evolving geometries and phenomena are rarely characterized by a single scaling ratio and therefore different parts of a system may be scaling differently. That is, the self similarity pattern is not uniform over the whole system. Such a system is better characterized as 'multifractal'. A multifractal can be loosely thought of as an interwoven set constructed from sub-sets with different local fractal dimensions. Music too, has non-uniform property in its movement. It is therefore necessary to re-investigate the musical structure from the viewpoint of the multifractal theory. Multifractal Detrended Fluctuation Analysis (MFDFA) [4] technique analyzes the musical signal in different scales and gives a multifractal spectral width which is the measure of complexity of the signal. Correlation determines the degree of similarity between two signals. In signal processing, cross-correlation is a measure of similarity of two series as a function of the lag of one relative to the other. A non linear technique called Multifractal Detrended Cross correlation Analysis (MFDXA) [5] is used to analyze the multifractal behaviors in the power-law cross-correlations between two time series data of music signals. With this technique, all segments of the film music and the renderings from the eminent maestros are analyzed to find out a cross correlation coefficient (γ x ) which gives the degree of correlation between these two categories of signals. For uncorrelated data, γ x has a value 1 and the lower the value of γ x more correlated is the data [6] . Thus a negative value of γ x signifies that the two music signals have very high degree of correlation between them. We hypothesize that the songs which show high degree of cross correlation (i. e lower value of γ x ) with the raga clips are the songs in which the essence of that particular raga is present. Also the variation of cross correlation coefficient in the different parts of the two samples gives a measure of the modulation that is executed by the singer. Further, the songs having lower degree of cross correlation with the raga clips are the ones in which the characteristics of that particular raga is absent, may be the features of some other raga or a mixture of ragas is present. Thus, in nutshell we propose an automated scientific algorithm with the help of which we can easily check whether the features or the structure of a particular raga is present in popular Hindi film songs.
EXPERIMENTAL DETAILS
Ten (10) clips of popular Bollywood songs were taken from [2], each of 3 minute duration. The songs chosen for analysis are detailed in Table 1 . A 3 min clip from the alaap part of the two ragas, Bhairav and Mian ki Malhar were taken from the rendition of two eminent vocalists of Hindustani music. The signals are digitized at the rate of 22050 samples/sec 16 bit format. The alaap part was considered for analysis because the characteristic features of the entire raga is present in this part and that it uses all the notes used in that particular raga and allowed transitions between them with proper distribution over time. Each three minutes signal is divided into six equal segments of 30 seconds each. We measure the cross correlation coefficient for each of the six windows and record their variation. The renditions from two different vocalists were chosen to cross check the validation of our hypothesis that the cross correlation coefficient can really be a measure for identification of a particular raga on which a song is based on.
Table1: Different Bollywood songs chosen for our analysis

METHOD OF ANALYSIS Multifractal Detrended Cross Correlation Analysis (MF-DXA):
We have performed a cross-correlation analysis of correlation between different Bollywood songs and raga clips following the prescription of Zhou [5] .
x avg =1/N ∑ ( ) and y avg = 1/N ∑ ( ) (1) Then we compute the profiles of the underlying data series x(i) and y(i) as [7] . In case of two time series generated by using two uncoupled ARFIMA processes, each of both is autocorrelated, but there is no power-law cross correlation with a specific exponent [53] . According to auto-correlation function given by:
The cross-correlation function can be written as
(7) where γ and γ x are the auto-correlation and cross-correlation exponents, respectively. Due to the nonstationarities and trends superimposed on the collected data direct calculation of these exponents are usually not recommended rather the reliable method to calculate auto-correlation exponent is the DFA method, namely γ = 2 − 2h (q = 2) [8] . Recently, Podobnik et al., have demonstrated the relation between cross-correlation exponent, γ x and scaling exponent λ(q) derived from γ x = 2 − 2λ(q = 2) [7] . For uncorrelated data, γ x has a value 1 and the lower the value of γ and γ x more correlated is the data. In general, λ(q) depends on q, indicating the presence of multifractality. In other words, we want to point out how two sound signals are cross-correlated in various time scales i.e. how much is the essence of a particular raga present in a specific song. 
RESULTS AND DISCUSSIONS
The cross-correlation coefficient, γ x was computed for each part of the song and the raga clips of the two artistes. Lower the value of γ x , higher is the degree of cross-correlation between the two signals.
A significantly low γ x would thus signify a greater cue of a particular raga being present in that song. The human mind identifies the presence of a raga in a song by recognizing certain note structures or transitions that is the characteristic of that raga. We want to recreate those features in an automated way, whereby a unique parameter will define the presence of a certain raga or a mixture of ragas in a musical piece. Fig. 1 and 2 represent the variation of γ x for the 10 clips and the rendition of raga Bhairav by two artistes while Fig. 3-4 represents the same for Raga Mia ki Malhar The following observations can be drawn from a careful study of the figures: 1. From Figs. 1 and 2 , it is seen that Clips 3, 7 and 10 are the ones which in general have negative values of γ x signifying that they are the ones in which the features of raga Bhairav are the strongest. A number of significant dips are also observed in parts of the same song, which can be attributed to very close proximity of the raga and the song. We hypothesize that these are the parts in which a person could relate that a song is based on which particular raga. 2. Clip 7 in case of Artist 1 shows a certain amount of ambiguity in belonging to Raga Bhairav as is seen from Fig. 2 , that the value of γ x jumps to positive a number of times. But still, since it has considerable low values in other parts, it was considered as based on raga Bhairav. 
Raga Bhairav Raga Bhairav
Raga Mia ki Malhar a single piece. If the program is repeated for some more ragas, we may have glimpses of more ragas present in each of the Clips taken for analysis here. 5. It is also seen from the figures that all the other clips, in some part or the other has some negative values of γ x , but that may be caused due to spurious matching of note structures of the two clips which has eventually led to higher values of correlation among themselves. It is known that a similar note combination may be used in a number of different ragas in Hindustani music, but each raga has its own identity which is manifested in the transition between its notes, duration, stress and emphasis on some particular note. All these parameters when taken into consideration will lead to higher degree of cross correlation between two signals which belong to the same raga. Hence, we have considered only those clips belonging to a certain raga which have consistently shown higher degree of cross-correlation in all the parts.
Next, we have extracted the highest value of cross-correlation from for each combination and put them in Table 2 , which will give the readers an estimate of which song is based on which raga. The maximum value of γ x was computed from the six parts for which the program was carried out. 
